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SECTION  I. 


INTRODUCTION. 

Reinforced  Concrete  is  a  form  of  construction  which  is  now  coming  into 
extensive  use  in  building  and  engineering  work.  It  has  attained  considerable 
importance  at  the  present  time,  and  there  is  much  interest  taken  in  it  both 
by  reason  of  its  novel  nature,  tlieoretically  and  practically  considered,  and  of 
the  many  advantages  it  offers. 

Reinforced  concrete  as  a  system  of  construction  is  one  of  the  most 
important  additions  that  have  been  made  in  building — one  might  almost  say, 
definitely,  the  most  important  structural  advance  for  three  or  four  hundred 
years.  Architecture  for  several  centuries  now  has  been  marking  time  so  far 
as  originality  in  construction  is  concerned,  and  has  been  using  the  old 
materials — brick,  stone,  and  timber — in  much  the  same  way  as  in  the 
past.  While  it  is  true  that  steel  has  been  introduced  in  recent  years  it 
has  never  been  frankly  accepted,  and  it  has  not  fulfilled  the  promise  held 
out  that  it  would  materially  change  architectural  methods.  It  has  allowed 
us  to  overcome  some  difiiculties,  but  it  has  not  created  any  particularly 
new  forms.  Reinforced  concrete,  however,  is  a  novel  system  of  construction 
which  holds  out  great  architectural  possibilities,  and  although  it  is  so  new 
it  has  already  begun  to  influence  architectural  form.  The  architect  of  to-daj'" 
and  to-morrow  will  perforce  have  to  .study  it  closely  and  see  -if  he  can  apply 
its  novel  principles  satisfactorily.  It  seems  most  probable  that  the  present 
century  will  see  a  new  style  of  architecture  created,  diflereut  to  anything 
that  has  preceded  it  in  the  pa.st,  and  one  which  will  be  built  in  a  more 
permanent  way,  for  reinforced  concrete  is  a  lasting  material  and  has  probably 
greater  resistance  to  decay  than  almost  any  other  building  material,  provided 
that  the  .steel  is  well  protected  by  the  concrete,  which  latter  has  the 
remarkable  property  of  increasing  in  strength  and  hardness  with  age  for  an 
indefinite  but  very  long  period  of  years. 
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For  engineering  work  it  is  true  that  cast  iron  and  steel  enabled  most 
wonderful  works  to  be  executed  in  the  past  century.  Our  engineering 
structures  may  be  verily  called  wonders  of  the  world  :  works  of  such 
magnitude  were  never  possible  before.  The  civil  engineer  has  transformed 
the  world  therewith  and  is  responsible  for  much  of  our  modern  civilization. 
But  it  is  probable  that,  advantageous  though  cast  iron  and  steel  have  been 
for  the  construction  of  large  engineering*  works,  reinforced  concrete  is  a  still 
better  material  and  one  that  offers  a  greater  economy  from  all  points  of  view. 
Not  only  is  it  very  often  more  economical  in  first  cost,  but  it  does  not  require 
the  continual  upkeep,  such  as  the  painting,  that  steel  structures  need,  and 
it  is  not  liable  to  decay  in  a  comparatively  few  years.  Hence  we  foresee  the 
gradual  rebuilding  of  many  existing  architectural  and  engineering  works  in 
the  more  permanent  construction  of  reinforced  concrete  and  the  general 
progress  towards  a  more  general  employment  of  reinforced  concrete  in  the 
building  of  new  works. 

The  first  necessity,  therefore,  is  that  the  architect  and  engineer  shall  be 
in  possession  of  rules  for  the  rational  design  of  reinforced  concrete  structures. 
Such  rules  are  provided  by  the  now  generally  accepted  theory  which  has 
been  adopted  by  the  French,  Swiss,  German,  and  Austrian  Governments,  by 
many  American  Municipalities,  the  Royal  Institute  of  British  Architects' 
Joint  Committee  on  Reinforced  Concrete,  the  American  Joint  Committee  on 
Concrete  and  Reinforced  Concrete,  and  by  other  authorities.  That  theory 
has  been  adopted  in  the  present  work. 

The  second  requirement  is  that  means  should  be  available  for  performing 
the  necessary  calculations  speedily  and  accurately.  The  design  of  reinforced 
concrete  members,  while  not  difficult,  has  certainly  formerly  been  somewhat 
tedious  and  complicated — complicated  by  the  fact  that  we  have  to  deal  with 
two  constituents,  concrete  and  steel,  having  different  properties,  instead  of 
with  one  material  as  has  been  usual  formerly.  The  mathematical  treatment 
is  easy,  but  the  equations  expressing  the  relations  are  generally  long  and 
cumbersome,  because  there  are  two  materials  present  in  the  combination  with 
two  sets  of  symbols.  As  we  need  to  analyse  the  stresses  induced  by  the 
applied  forces  rather  more  closely  than  has  been  customary  in  structural 
engineering  in  the  past,  we  see  the  necessity  of  being  able  to  quickly  arrive 
at  accurate  results.     Some   designers   adopt   shoi't   formulae   that  give  only 
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roughly  approximate  results,  but  it  is  surely  far  better  to  employ  adequate 
rules  rather  thau  any  empirical  methods  in  which  the  extent  of  the  approxi- 
mation to  correctness  is  obscure  and  may  lead  to  error,  especially  when  we 
find  that  aids  can  be  obtained  whereby  we  can  design,  using  the  complete 
rational  theory,  as  quickly  as  by  using  short  formulse  and  in  many  cases  with 
superior  speed.  The  best  aids  of  this  nature  are  tables  and  diagrams,  and 
various  attempts  have  been  made  to  save  labour  by  the  compilation  of  such 
means  as  will  show  the  relations  of  the  several  variables.  Such  diagrams  and 
tables  tend  to  prevent  errors  in  calculations,  for  there  is  not  the  same 
liability  to  error  in  referring  to  a  table  or  diagram  as  in  making  calculations 
de  novo,  when  it  is  so  easy  to  make  slips,  even  to  getting  the  decimal  point 
wrongly  placed.  In  practical  work  it  is  quite  undesirable  that  any  more  time 
should  be  wasted  in  performing  calculations  than  is  absolutely  necessary,  both 
from  the  point  of  view  of  economizing  labour  and  of  preventing  error  and 
reducing  the  amount  of  unedifying  work. 

The  compilation  of  such  diagrams  for  reinforced  concrete,  then,  has  been 
all  in  the  right  direction,  but  though  they  have  been  compiled  with  the  best 
intentions  and  have  served  some  useful  purpose  there  is  room  for  improvement 
in  most  things  by  those  who  come  later,  and  in  the  present  case  it  is  -  obvious 
that  generally  the  authors  of  those  tables  and  diagrams  have  had  insufficient 
practical  experience  and  therefore  have  failed  to  appreciate  exactly  what  was 
really  needed  in  practice.  When  any  attempt  was  made  to  secure  a  really 
very  simple  and  short  method  we  usually  find  it  to  be  more  or  less  empirical — 
it  would  only  apply  partly  and  with  special  conditions  and  restrictions  that 
were  not  always  realized.  Where  an  exact  solution  is  attempted,  then  we 
find  some  little  time  occupied  by  the  operation  of  referring  to  the  diagram  or 
diagrams,  and  there  is  often  liability  to  error.  The  author  of  this  present 
work  has  had  the  great  advantage  of  having  been  intimately  associated  with 
practical  work  with  a  firm  of  specialists  who  contracted  for  such  work  as  well 
as  designed  it,  and  he  has,  in  the  opinion  of  the  writer  of  this  Introduction, 
improved  considerably  on  other  works  of  this  nature,  and  has  succeeded  in 
preparing  various  diagrams  that  have  been  used  to  great  advantage  in  practical 
work.  The  writer  can  speak  with  full  knowledge  of  their  utility,  as  he  has 
for  some  time  made  use  of  similar  diagrams  to  those  shown  herein.  They 
are   really  of  very  great  value  and  make  the  design  of  reinforced  concrete 
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almost  a  pleasure  instead  of  a  very  great  labour,  as  would  otherwise  be  the 
case,  and  they  will  be  almost  invaluable  to  anyone  who  has  to  make  or  to 
check  reinforced  concrete  designs,  for  they  will  save  75  per  cent,  or  more  in 
time  and  labour  over  direct  calculation  by  formulae,  and  where  much  work  is 
being  done  will  save  the  cost  of  this  book  to  anyone  in  half  a  day  at  most. 
They  have  the  merit  of  being  so  readily  consulted  that  they  generally  give 
in  one  operation  all  the  information  needed  ;  thus,  once  having  determined 
the  bending'  moment  on  a  beam,  for  instance — which  is  naturally  the  first 
thing"  we  should  calculate — we  can  by  reference  to  one  of  the  diagrams  see 
immediately  the  economical  size,  the  limiting  conditions,  the  area  of  steel, 
size  of  member  required,  etc.  Other  diagrams  give  the  shear  reinforcement ; 
others,  again,  serve  for  columns ;  so  that  in  one  or  two  simple  operations  the 
design  is  done.  They  possess  the  great  merit  of  being  exact.  If  any 
approximation  is  made  it  is  so  small  that  it  could  not  have  the  slightest 
practical  effect,  the  conditions  of  practice  precluding  us  working  to  greater 
nicety,  and  indeed  generally  preventing  us  working  so  closely  as  the  diagrams 
would  permit. 

The  diagrams  have  been  compiled  to  suit  various  limiting  stresses,  and 
they  give  a  means  of  readily  ascertaining  the  stresses  in  a  structure  and  point 
out  clearly  just  what  is  being  done,  or  what  will  be  the  result,  and  they  provide 
a  safe  and  ready  guide  to  the  design  of  reinforced  concrete.  The  way  in 
which  to  use  the  diagrams  and  tables  in  this  book  can  be  mastered  in  a  few 
minutes,  and  the  user  will  find  he  can  proceed  with  confidence  where  he  would 
have  often  been  in  doubt  and  in  error  by  employing  other  methods. 

Of  course  it  is  obvious  that  similar  diagrams  for  many  stresses  could  be 
drawn,  and  others  to  suit  various  special  forms  of  construction,  but  it  is 
thought  that  those  here  included  are  sufficient  to  meet  all  ordinary  require- 
ments, and  that  to  include  more  would  unduly  add  to  the  size  and  cost  of 
the  work.  The  way  is  clearly  pointed  in  which  such  special  diagrams  can  be 
compiled  on  the  same  lines  by  those  who  may  find  the  need  of  such  aids. 

H.  KEMPTON  DYSON. 

London. 

March,  1911. 
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.METHOD    OF    CALCULATIONS,  ETC. 
Working  Formulas. 

The  working  formulas  derived  from  the  straight  line  stress  variation  form 
the  basis  for  the  diagrams  for  reinforced  concrete  design  given  in  this  book. 
These  formulas  have  been  proved  by  many  experiments  to  be  practically  correct 
for  the  working  stresses  for  which  they  have  been  drawn.  This  is  the  theory 
recommended  by  the  Joint  Committee  on  Reinforced  Concrete  under  the 
auspices  of  the  Royal  Institute  of  British  Architects,  and  is  that  which  is 
now  almost  universally  adopted.  The  designer  will  find  that  with  the  aid  of 
these  diagrams  there  can  be  no  saving  in  time  to  compensate  the  loss  in 
logic  and  accuracy  in  the  use  of  less  exact  or  empirical  formulas. 

In  the  development  of  the  above-mentioned  rational  theory  the  following 
assumptions  are  made  : — 

(a)  The  coefficient  of  elasticity  in  compression  of  stone  or  gravel  concrete, 
not  weaker  than  1:2:4,  is  treated  as  constant  and  taken  at  one-fifteenth  of 
the  coefficient  of  elasticity  of  steel. 

Coefficient  for  concrete       =  2,000,000  lb.  per  sq.  in. 
steel       ^'.,  =  30,000,000 


It  follows  that  at  any  given  distance  from  the  neutral  axis  the  stress  per 
square  inch  on  steel  will  be  fifteen  times  as  great  as  on  concrete. 

(b)  The  resistance  of  concrete  to  tension  is  neglected,  and  the  steel 
reinforcement  is  assumed  to  cany  all  the  tension. 

(c)  The  stress  on  the  steel  reinforcement  is  taken  as  uniform  on  a  cross- 
section,  and  that  on  the  concrete  as  uniformly  varying. 
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Working  Stresses. 
The  diagrams  are  drawn  for  the  following"  stresses  : — 

Slabs. 

Any  combination  of  the  following  stresses  :  compressive  stress  in  concrete 
((•)  =  600,  650,  700,  750  lb./in-;  tensile  stress  in  steel  (.s)  =  16,000,  17,000, 
18,000  lb. /in'. 

Beams. 

c  =  600  Ib./in'  and  6- =  16,000  Ib./in". 
c  =  750  Ib./in'  and  s  =  17,000  \h./'m\ 

Columns. 

c-500  lb. /in'. 
c  =  600  lb./inl 

Calculatio7is. 

The  following  abbreviations  are  used  : — 
c  =  Compressive  stress  in  concrete, 
.s-  =  Tensile  stress  in  steel. 

h  =  Breadth  of  a  rectangular  beam  parallel  with  neutral  axis. 
h,.  =  Breadth  of  the  rib  in  a  tee-beam. 
B  =  Effective  breadth  of  a  slab  in  a  tee-beam. 

d  =  Effective  depth  of  a  beam  from  top  of  beam  to  axis  of  tensile  reinforcement. 
d,  =  Total  depth  of  a  slab  in  a  tee-beam. 

dc  =  Distance  of  centre  of  compressive  reinforcement  from  the  compressed  edge. 
L  =  Leverage  arm. 

/  =  Effective  length  or  span  of  a  beam, 
m  =  Modular  ratio,  i.e.  the  ratio  between  the  elastic  moduli  of  steel  and 
concrete — E.jEc . 

71  =  In  beams  :  distance  of  neutral  axis  from  the  compressed  edge  of  a  beam. 
nld=  The  ratio  n/d,  i.e.  the  distance  between  the  neutral  axis  and  the  compressed 
edge  divided  by  the  effective  depth  of  a  beam. 
p  =  Percentage  of  steel. 
w  =  Weight  per  unit  of  length. 
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A  =  Total  cross-sectional  area  of  a  column. 
Ac  =  Area  of  compressive  reinforcement  in  beams. 
At  =  Area  of  tensile  reinforcement  in  beams. 
TT"  =  Weig-ht  or  load. 

M  =  Bending"  moment  of  the  external  forces  or  loads  on  a  beanu 
J/,  =  Bending  moment  at  a  point  distant  x  from  the  end. 
M„i„r  =  Maximum  bending  moment. 
Ma  =  Bending  moment  at  point  A. 
M H  =  Bending  moment  at  point  B. 

S  =  Total  shearing  force  across  a  section. 
7?,  =  Left  reaction. 
li,  =  Right  reaction. 
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BENDING   MOMENTS   AND   SHEARING  FORCES. 

The  diagrams  given  in  this  book  as  an  aid  to  reinforced  concrete  design 
enable  the  amount  of  reinforcement  in  the  slab  or  beam  corresponding  to 
the  dimensions  of  the  slab  or  beam  to  be  directly  determined,  once  the 
bending  moment  is  kno\A'n.  The  calculation  of  the  bending'  moment  is  therefore 
of  fundamental  importance  ;  the  reinforced  concrete  beam  will  seldom  exactly 
conform  to  any  simple  method  of  support  or  loading,  and  the  degree  of 
variation  of  the  beam,  being  designed,  from  the  simple  cases  considered  below, 
must  of  necessity  be  left  to  the  judgment  of  the  designer.  What  is  the  general 
practice  is  indicated. 

Table  I  gives  the  bending  moments  and  shearing'  forces  on  isolated  beams 
under  various  methods  of  loading  and  support. 


Table  I.    Table  of  Bending  Moments  and  Shearing  Forces  on  Beams  under 
VARIOUS  Methods  of  Loading  and  Support. 


Method  of  Loading  and  Support. 
(Tr=  Total  Load.) 

Reactions. 
ii;  =  Left  Reaction. 
i?r  =  Right  Reaction. 

Bending  Moments. 

Fig.  1  y, 

\ 

^        _    .     A  3. 

=  Wx 

Fig.  2  % 

1 

 L_  M  _^ 

Ri  =  W 

i/.  -  f 

2 

lillllilllllllllHIIHIIIIIIIIIIIll 

BENDING   J[OMENTS   AND   SHEARING  FORCES. 

Table  I  (continued). 
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Method  of  Loading  and  Support. 
(Tr=  Total  Load.) 


Eeactions. 
i??  =  Left  Eeaction. 
i?r  =  Right  Eeaction. 


Bending  Moments. 


Fkj.  o  i  * 


U--       ^   ^ 

Fif;.  6 


Fig. 


lllllllililillf 

illlll  IIIHIIII 

Fio.  8 


Tr6 


/ 

Wa 
I 


W 


R,  =  II  = 


W 


If 

max 


I 

Wax 
Wah 


I 


M 

max 


Wx 
2 

m 

6 


M 


Wx 


1  - 


X 


3 

2Wl 
9V3 

=  •128m 


c 
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Table  I  (continued). 


Method  of  Loading  and  Support. 
(Tr=  Total  Load.) 

Eeactions. 
Bi  —  heit  Eeaction. 
-Br  =  Right  Eeaction. 

Bending  Moments. 

Fic.g        'X,  ^      ^  * 

\V 

R,  -  II-  =  ^ 

JI/  - 

■'■'-'-max  — 

6 

- 1 

Fi(!.  10 

i 
J 

R,  =  ^  W 
16 

16 

M;  =  -  T  FZ 
32 

io 

R,  =  §  IF 

8 

-"^  128 

=  -  -T 

Fig.  11  i 

Mil  I  I 

II 

1 

<^ 

•1 

f 

Fig.  12  ya^ 
1 

z 

-1 

2 

■'■'-'- max  g 

if^  =  if  J  = 

8 

1 

Fig.  13  -^^ 

i 

2 

24 

IT^  =  Mb  - 

_  m 

12 

1 

1 

^  —   

Beams  or  Slabs  continuous  over  a  number  of  Supports. 
In  reinforced  concrete  beams  and  slabs  are  usually  continuous  over  several 
supports,  and  a  brief  investigation  into  the  effect  of  this  continuity  is  g-iven 
below. 
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REINFORCED   CONCRETE   DESIGN  SIMPLIFIED. 


The  theorem  of  three  moments  cannot  be  apphed  with  any  degree  of 
certainty  to  reinforced  concrete  beams  continuous  over  several  supports.  The 
preliminary  assumption  that  the  beam  is  freely  supported  is,  of  course,  usually 
incorrect,  but  nevertheless  it  is  important  to  investigate  the  possible  stresses 
under  such  conditions  as  affording  a  valuable  guide,  even  though  exact 
calculation  is  impracticable  and  unnecessary. 

If  A  represent  the  area  of  the  bending  moment  diagram  for  the  span  of 
length,  li,  treating  it  as  a  separate  span,  and  A 2  and  A-^  are  similar  expressions, 
then — 


+ 


6  A,  X, 


+  M^,  ^,  +  2  Mis  {h  +      +  Mck  =  0. 


Symmetrical  Loading. 


.-.  3  {A,  +       +  M.,  h  +  2  M,  (/,  +  I)  +  il/c  I  =  0. 


6 
I 


Symmetrical  Loading  and  Equal  Spafis. 
3  {A,  +  ^12)  ^  {3L^  +  4  il/fi  +  Mc)  I  =  0. 


Table  II,  giving  the  Area  of  various  Bending  Moment  Diagrams. 


Type  of  Loading. 
(Total  Load  on  Beam  =  W.) 


Area  of  Bending  Moment. 
Diagram  {=  A). 


Uniform  Loading 


12 


Triangular  Loading 


9 


BENDING   MOMENTS    AND   SHEARINCx    FORCES.  13 


Table  II 

{continued). 

Type  of  Loading. 
(Total  Load  on  Beam=TF.) 

Area  of  Bending  Moment. 
Diagram  (  =  A). 

Loading  at  Third  Points  with 
two  concentrated  Loads 

9 

Load  concentrated  at  centre 

 m  

8 

Considering  three  spans  only,  and  considering  that  action  due  to  continuity 
on  a  beam  is  restricted  to  the  action  of  only  one  span  on  either  side  of  it,  the 
following  tables  have  been  worked  out : — 

Tables  III  and  IV,  giving  the  Maximum  Bending  Moment  at  various  points 
OF  A  Continuous  and  Freely  Supported  Beam  for  various  ratios  of  Dead 
to  Total  Load. 


Table  III.    Uniform  Loading. 


Eatio  of  Min.  to 
Max.  Load. 

Max.  B.M.  at  centre 
of  an  End  Span. 

Max.  B.M.  at  Support. 

Max.  B.]\L  at  centre 
OF  OTHER  Spans. 

1  :  1 

40 

10 

40 

1  :  2 

7ivl'' 

13w;/' 

80 

120 

20" 

1  :  3 

11  wV 

7wV 

120 

9 

120 

1  :  4 

9wl' 

32 

80 

16 

1  :  5 

19  wl^ 

_  \7wV 

200 

120' 

~200 
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Table  IV.    Triangular  Loading. 


Eatio  of  Min.  to 
Max.  Load. 

Max.  B.M.  at  centre 
OF  AN  End  Span. 

Max.  B.M.  at  Support. 

Max.  B.M.  at  centre 
OF  OTHER  Spans. 

1  :  1 

Wl 
^  0 

2Wl 
1  5 

Wl 

1  :  2 

7  m 

13M 
QO 

Wl 

1  :  3 

11  m 

90 

AWl 
27 

7Wl 
90 

1  :  4 

m 

8 

^Wl 
20 

Wl 
12 

1  :  5 

12WI 

MWl 

13  m 

150 

225 

150 

In  every  case  the  minimum  load  will  be  the  dead  load  and  the  maximum 
load  the  total  load. 

Thus  in  the  case  of  a  beam  supporting  a  uniformly  distributed  dead  load 
of  900  lb.  per  foot  run  and  a  live  load  of  2700  lb.,  we  have — 
Minimum  load  =     900  Ib./ft. 
Maximum  load  =  2,700  +  900  =  3,600  Ib./ft. 
.'.  Ratio  of  minimum  to   maxinmm  load  =1:4,  whence  the  maximum 
bending  moments  got  by  considering  the  beam  as  continuous  and  freely  supported 
can  be  found  from  the  above  tables. 

GENERAL  PRACTICE. 

In  the  various  tables  given  above  most  cases  of  loading  met  with  in 
practice  have  been  dealt  with. 


BENDINCx   MOMENTS  AND   SHEARING  FORCES. 


15 


It  may  be  said  that  for  a  uniformly  distributed  load  of  w  lb.  per  inch 
over  a  span  of  I  inches  the  following  practice  is  very  general : — 

(a)  Beam  or  Slab  simply  supported  at  the  eud.'i. — Greatest  bending  moment 
at  centre  of  span  of  I  inches  is  equal  to        in. -lb. 

(b)  Beams  continuous  over  several  spans. — For  an  end  span  the  maximum 

bending  moment  at  the  centre  is  often  taken  as  ^—  while  that  at  the  centre 

of  other  spans  is  y^.    The  reverse  bending  moment  at  the  supports  should, 

in  tlie  opinion  of  the  author,  be  taken  not  less  than  ^^^^^  opinion 

there  is  more  justification  for  taking  a  lesser  bending  moment  at  the  centre 
of  the  span  than  a  lesser  one  over  the  supports. 

Wl 

For  a  triangular  loading  on  the  above  basis  a  bending  moment  of 

TT7 

can  be  taken  for  centre  of  an  end  span,  and  —  at  centre  of  other  spans  and 

over  the  supports. 

Loading  at  third  points  will  give  similar  values. 

In  the  case  of  beams,  the  value  of  TT"  or  w  can  readily  be  ascertained, 
and  the  bending  moment  on  the  beam  calculated. 

For  slabs  in  lieu  of  this  calculation  Diagrams  1,  2,  and  3  could  generally 
be  used  for  finding  the  bending  moment  on  a  foot  width  of  slab  loaded  in 
a  certain  way  and  carried  over  a  span  of 'given  length. 

Use  of  Diagrams  1,  2,  and  3. 

The  diagrams  are  drawn  for  M  =     - ,  ^  ,  and 

®  8  '  10  '  12 

Having  decided  on  which,  if  any,  of  tliese  values  is  to  be  used,  the  bending 

moment  per  foot  width  of  slab  can  be  determined,  given  the  span  and  load. 


IG 
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Example. 

A  slab  of  4  inches  total  depth  is  freely  supported  over  a  span  of  G  ft.  6  in. 
It  has  to  support  a  live  load  of  1^  cwt.  per  foot  super. 
Find  the  bending  moment  per  foot  width  of  slab. 

Live  load  =  168  lb. /ft'. 
Dead  load  =    50  Ib./ftl 

Total  load  =  218  Ib./ftl 

Then  from  diagram — 

M  =  13,900  in. -lb. 


Diagram  1. 


0  100  200  300  mo  JOO  600 

Load  in  Ib^j  Pi  ^ 


I) 
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Example. 

A  5  inch  slab  is  continuous  over  several  supports.  It  has  to  support 
a  load  of  2  cwt.  per  foot  super  over  a  span  of  7  feet.  Find  the  bending 
moment  per  foot  width  on  the  end  span. 

Live  load  =  224  Ib./ftl 
Dead  load  =    63  lb. /ft I 

Total  load  =  287  Ib./ftl 

'ivl' 

Taking  M  =  —  ,  then  from  diagi'am — 
M  =  16.000  in. -lb. 


Diagram  '2. 
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Example. 

A  6  inch  slab  is  continuous  over  several  supports.  It  has  to  support 
a  load  of  2  cwt.  per  foot  super  over  a  span  of  10  feet.  Find  the  bending 
moment  per  foot  width  of  slab  on  a  central  span. 

Live  load  =  224  Ib./ftl 
Dead  load  =    75  Ib./ftl 

Total  load  =  299  Ib./ftl 

Taking  M  =  ^ ,  then  from  diagram — 
M  =  29,000  in. -lb. 


Diagram  3. 
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Bending  Moments  on  Slabs  reinforced  in  both  directions. 

If  a  slab  is  reinforced  in  both  directions,  that  is  to  say,  supported  on  all 
edges,  a  certain  reduction  factor  can  be  applied  to  the  bending  moment,  which 
the  slab  would  have  to  sustain  if  only  supported  on  any  two  opposite  edges. 

There  are  two  important  rules  which  give  decidedly  different  results,  and 
each  of  which  is  illustrated  in  Diagram  4.  One  rule  is  that  adopted  by  the 
French  Government,  and  the  other  that  due  to  the  theories  of  Grashof  and 
Rankine.  The  French  Government  rule  attaches  the  more  importance  to  the 
third  and  fourth  support. 

Diagram  4. 
/t'emforceol   Concrete  SJahs 

II      IB     13     1-9     /J     M     17     /s  t9 


0  9 
08 

07 


06 

0  3 
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^1 


r 

10 


09 


0-7 

oe 

0\3 
QUf. 
0-3 
0-2 


01 


10     01     I'd     13      l-Jf-     /S     le     1-7     18     IS  20 

Va/ue^  of  lo 

Let  the  length  of  the  slab  be  a  and  the  breadth  h  (where  a  is  equal  to 
or  greater  than  h). 
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Then  calculate  the  bending  moment  on  the  slab,  as  a  beam  supported  or 
fixed  at  the  sides  only,  of  a  span  h  under  the  total  load  on  the  slab.  Multiply 
this  bending  moment  by  the  factor  s  obtained  from  Diagram  4,  according 
to  one  or  other  of  the  rules.    This  factor  according  to  the  French  Government 


a' 


rule  is  — and  according  to  Grashof  &  Rankine's  rule  is  ^ 

+  2  ^  + 

«^  a 

Similarly,  the  bending  moment  on  the  other  axis  is  ascertained,  the 
factors  r  according  to  the  two  rules  being*  respectively — 

and 


«^  +  2  T  +  -4 

a  a 

Example. 

A  4  inch  slab  is  supported  at  all  four  edges.  Length  12  feet,  breadth 
10  feet.    Load  carried  =  2  cwt.  per  foot  super. 

Find  the  bending  moment  to  be  taken  in  each  direction. 

Live  load  =  224  Ib./ff. 
Dead  load  =    50  Ib./ftl 

Total  load  =  274  Ib./ftl 

From  Diagram  3,  neglecting  in  each  case  the  effects  of  support  at  the 
third  and  fourth  edges — 

Bending  moment  across  shorter  span  =  27,400  in. -lb. 
Bending  moment  across  longer  span  =  39,500  in. -lb. 

Then— 

French  Government  Rule, 
s  =  0-51 
r  =  0-19 

.'.  Bending  moment  across  shorter  span  =  27,400  x  0-51  =  14,000  in. -lb. 
Bending  moment  across  longer  span  =  39,500  x  0-19  =    7,500  in. -lb. 

Grashof  and  Rankine's  Rule, 
s  =  -67 
r  =  -33 

.'.  Bending  moment  across  shorter  span  =  27,000  x  -07  =  18,100  in.-lb. 

Bending  moment  across  longer  span  =  39,500  x  -33  =  13,000  in.-lb. 


SECTION  IV. 
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The  following  equations  hold  for  the  design  of  slabs  :— 

15c 


n 


d      .s  +  15c 


n  = 


c  = 


lb  A 
231 


■1f 


1  + 


2hd__  ] 


7lh  Id-"^ 
3 


s  = 


M 


AAd-l 


(1) 
{•^) 
(3) 

(4) 
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111  these  equations  the  vahie  of  the  modular  ratio  in  is  taken  to  be  15. 

The  diagrams  drawn  for  the  design  of  slabs,  and  the  use  of  which  is 
explained  below,  are  derived  exactly  from  the  above  formulae. 

Diagram  5  can  only  be  used  for  a  value  of  .s  equal  to  1G,000  lb./in\ 
and  a  value  of  c  equal  to  600  Ib./in'  or  less.  This  diagram  is  sufficient  in 
itself  for  the  complete  desigfii  of  a  slab. 

Diagrams  6  to  13  can  be  used  when  it  is  desirable  to  use  stresses  other 
than  IG.OOO  lb./ iir  in  the  steel  and  GOO  Ib./iir  in  the  concrete.  The 
limiting  values  of  the  stresses  which  can  be  used  are  18,000  Ib./in'  in  the 
steel  and  750  lb.  in'  in  the  concrete. 

These  can  also  be  used  very  conveniently  for  checking  a  slab  already 
designed.  By  means  of  them  the  exact  stresses  in  the  steel  and  concrete  can 
be  quickly  determined  (see  examples  on  slabs  of  inch  and  5^  inch  effective 
depth). 

Use  of  Diagram  5. 
1 .   To  find  the  most  economical  effective  depth  of  slah. 

The  most  economical  effective  depth  is  that  which  causes  both  the  steel 
and  the  concrete  to  be  stressed  to  their  maximum  permissible  values.  This 
condition  will  only  be  satisfied  when  a  point  forming  a  cusp  in  one  of  the 
curves  is  used.  In  general  it  is  desirable  to  work  on  the  straighter  portions 
of  the  curves  as  near  the  cusp  as  possible. 

It  has  already  been  shown  how  the  bending'  moment  per  foot  width  of 
slab  can  be  ascertained  when  the  span  and  total  load  is  known.  Since, 
however,  the  total  load  is  dependent  on  the  thickness  of  slab  it  may  be 
necessary  to  make  a  preliminary  trial.  This  will  give  the  bending  moment 
with  sufficient  exactitude  to  enable  the  best  effective  depth  to  be  ascertained. 
The  exact  load  now  being  known,  the  bending  moment  can  be  accurately 
determined. 

Example. 

Live  load  =  224  Ib./ftl 
Span  =  6  feet. 

To  find  the  most  economical  effective  depth,  the  slab  being  freely  supported. 
As  a  first  assumption,  assume  a  4  inch  slab.     Then  the  total  load  =  224 
+  50  =  274  Ib./ftl 
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From  Diagram  I,  M=  14,800  in.-lb. 

Using  Diagram  5  and  getting  over  as  far  to  the  right  as  possible,  while 
working  on  the  straighter  portion  of  the  curves,  it  is  found  that  a  3f  inch 
effective  depth  of  slab  is  most  economical.  If  the  steel  is  to  have  a  cover 
of  ^  inch  this  will  represent  a  total  depth  of  slab  of  4^  inches. 

Therefore  total  load  will  equal  224  +  50  =  280  Ib./ft.'  and  If  =  15,200  in.-lb. 

2.    lo  find  the  Beinforcement  per  foot  width  of  slah. 

Having  found  the  bending  moment  and  selected  the  effective  depth  of 
slab,  the  point  on  the  diagram  corresponding  to  these  values  is  found,  and  the 
reinforcement  per  foot  width  may  be  read  off  at  the  bottom  of  the  diagram. 
Curves  are  also  drawn  showing  the  spacing'  of  rods  of  various  sizes  required 
for  a  given  amount  of  reinforcement.  Therefore,  by  tracing  this  area  of  steel 
vertically  to  meet  one  of  these  lines,  the  size  of  I'od  and  its  spacing,  as 
determined  by  the  scale  on  the  right-hand  side  of  the  diagram,  is  obtained. 

Example. 
M  =  17,700  in.-lb. 

One  inch  off  the  total  depth  of  a  slab  to  be  allowed  for  the  effective 
depth  of  slab. 

From  diagram — 

Effective  depth  of  slab  =  4  inches. 
.'.  Total  depth  of  slab       =  5  inches. 

Reinforcement  =  -31  square  inch. 

=  f  inch  rods  at  11-8  inch  centres, 
or  =  |-  inch  rods  at  7-5  inch  centres, 
or  =  f  inch  rods  at  4-2  inch  centres. 

If  an  effective  depth  other  than  the  economical  effective  depth  be  used, 
say       inches,  then  from  diagram — 

Effective  depth  of  slab  =  4|-  inches. 
.'.  Total  depth  of  slab       =  5|-  inches. 

Reinforcement  =  -273  square  inch. 

=  f  inch  rods  at  13-3  inch  centres, 
or  =  ^  inch  rods  at  8-6  inch  centres, 
or  =  ^  inch  rods  at  4-8  inch  centres. 
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Use  of  Diagrams  6  to  13. 

Diagram  6  may  be  used  as  a  guide  to  which  of  Diagrams  7  to  13  should 
be  used  in  any  particular  case.  A  little  practice  will,  however,  make  its  use 
unnecessary.  It  gives  the  most  economical  depth,  if  not  already  decided  upon 
for  other  reasons.  Having  settled  this  and  found  the  bending  moment,  the 
reinforcement  in  square  inches  and  the  size  and  spacing  of  rods  required  as 
reinforcement  can  be  found  from  the  diagram  drawn  for  that  effective  depth. 
Thus,  having  fixed  the  bending  moment  and  effective  depth  of  slab,  the 
horizontal  line  corresponding  to  these  values  is  traced  to  intersection,  either  with 
the  line  representing  the  given  stress  in  the  steel  or  with  that  representing  the 
given  working  stress  in  the  concrete — to  whichever  gives  the  greater  value 
for  the  reinforcement  per  foot.  This  is  given  by  tracing  to  the  scale  at  base. 
Curves  are  also  drawn  showing  the  spacing  of  rods  of  various  sizes  required 
for  a  given  amount  of  reinforcement  ;  therefore,  by  tracing  the  intersection 
vertically  to  meet  one  of  these  lines,  the  size  of  rod  and  its  spacing  as  given 
by  the  second  vertical  scale  on  the  right-hand  side  of  the  diagram  are  obtained. 
The  diagrams  can  be  used  for  any  combination  of  the  following  stresses  : — • 

c  =  600,  650,  700,  750  Ib./iir. 

s  =  16,000,  17,000,  and  18,000  Ib./inl 
The  total  depth  of  slab  is  generally  reckoned  as  the  effective  depth  +  1  inch. 
Diagram  is  drawn  for  s=  16,000  Ib./in^,  but  is  sufficient  for  its  purpose  if  slightly 
different  values  of  .s-  are  used. 

Example. 
Live  load  =158  Ib./ft'. 
Span  =  7  ft.  6  in. 

To  find  most  economical  effective  depth,  the  floor  being  continuous  over 
several  supports. 

s  =  16,000  Ib./in^  and  c  =  700  Ib./iir. 
Assuming  a  4=^  inch  floor — 

Total  load  =  158  +  56  =  214  Ib./ftl 
From  Diagram  3,  M  =  12,000  in. -lb. 

From  Diagram  6,  effective  depth  required  equals  about  2-85  inches. 
Taking  an  effective  depth  of  3  inches,  the  floor  will  be  4  inches  thick  and 

Total  load  =  158  +  50  =  208  lb. /ft'. 
M  =  11,700  in.-lb. 
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Referring  to  Diagram  9,  drawn  for  an  effective  deptli  of  .*>  inches,  leinforce- 
ment  required  is  -275  square  inch  per  foot,  whicli  is  seen  to  be  equivalent  to 
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centres.     Also  it  will  be  seen  that  the  concrete  is  being  stressed  to  G50  Ib./iir. 
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REINFORCED   CONCRETE    DESTON  SIMPLIFIED. 


Example. 

The  end  bay  of  a  floor  supports  a  supei'  load  of  1  cwt.  over  a  span  of 
5  feet. 

s  =  17,000  Ib./iir  and  e  =  GOO  Ib./inl 
Allowing-  for  a  3  inch  floor — 

Floor  load  =  38  Ib./ftl 
Super  load  =112  Ib./ftl 

Total  load  =  1  50  Ib./ftl 
From  DiasTam  2,  dra^yn  for  M  = 

10 

M  =  4,500  in. -lb. 

From  Diagram  7,  working  on  the  c  =  GOO  Ib./in",  and  so  slightly  under- 
stressing  the  steel. 

At  =  -155  sq.  in.  per  foot, 

=  T,  in.  dia.  rods  at  15  in.  centres, 
or  =  f  in.  dia.  rods  at  8-5  in.  centres. 
If  we  had  worked  on  the  .s  =  17,000  Ib./in",  the  concrete  would  have  been 
slightly  overstressed.    In  general  it  is  uneconomical  to  work  on  the  lines  drawn 
for  stresses  in  the  concrete,  and  preferable  to  use  a  greater  effective  depth. 


Diagram  7. 
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REINFORCED   CONCRETE    DESIGN  SIMPLIFIED. 


Example. 

The  bending  moment  on  a  slab  is  8,000  in.-lb. 

s  =  16,000  Ib./in'  and  c  =  750  Ib./in'. 
From  Diagram  8 — 

Effective  depth  =  2^  in. 
Total  depth       =  3^  in. 

At  —  '228  sq.  in.  per  ft., 

=  ^  in.  dia.  rods  at  10-3  in.  centres, 
or  =  f  in.  dia.  rods  at  5-8  in.  centres. 

It  will  be  seen  that  the  concrete  is  being  stressed  to  abont  650  lb./ 


Diagram  8. 
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REINFORCED   CONCRETE    DESIGN  SIMPLIFIED. 


Example. 

The  bay  of  a  floor  continuous  in  both  directions  over  several  supports, 
10  by  10  feet,  supports  a  super  load  of  2  cwt.  It  is  reinforced  in  both 
directions. 

.s-  =  17,000  Ib./in'  and  c  =  700  Ib./inl 
Assuming  a  4  inch  total  depth  of  floor — 

Floor  load  =  50  lb./ft\ 
Super  load  =  224  Ib./ftl 

Total  load  =  274  Ib./ftl 

Then  using  the  French  Government  rule  for  slabs  reinforced  in  both 
directions  the  bending  moment  taken  in  each  direction  will  equal  -33  time 
the  bending  moment  got  by  treating  each  direction  separately. 

From  Diagram  3 — 

M  =  -33  by  27,400  in.-lb. 
=  9,130  in.-lb. 

From  Diagram  9 — 

Ag  =  -213  sq.  in.  per  ft.  in  both  directions. 

=  say  1^  in.  rods  at  11  in.  centres  in  both  directions. 


Diagram  9. 
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REINFORCED  CONCRETE  DESIGN  SIMPLIFIED. 


Example. 

A  slab  4|-  inches  total  depth  is  reinforced  with  ^  inch  diameter  rods  at 
6  inch  centres.  It  is  freely  supported  over  a  span  of  6  ft.  6  in.  and  carries 
a  super  load  of  2  cwt.    To  find  the  stresses  in  the  steel  and  the  concrete. 

Floor  load  =  46  Ib./ft". 
Super  load  =  224  Ib./ft". 

Total  load  =  270  Ib./ftl 

And  from  Diagram  1  — 

M  =  17,200  in.-lb. 

Half-inch  diameter  rods  at  G  inch  centres,  it  is  seen  from  diagram, 
correspond  to  -39  square  inch  per  foot  run. 

The  point  on  diagram  corresponding  to  a  bending  moment  of  17,200  in.-lb. 
and  a  reinforcement  of  -39  square  inch  per  foot  is  seen  to  lie  outside  the 
6'  =  LG,000  Ib./iir  line,  and  between  the  c  =  G50  and  r  =  700  Ib./in^  lines. 

It  is  seen,  then,  that  the  steel  is  being  stressed  to  about  14,000  lb. /in" 
and  the  concrete  to  about  670  Ib./in'. 


DiAGKAM  10. 
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REINFORCED   CONCRETE   DESIGN  SIMPLIFIED. 


Example. 

The  end  bay  of  a  slab  5  inches  thick  is  reinforced  in  both  directions. 
The  span  between  walls  supporting  it  on  either  side  is  12  feet,  while  span  in 
longitudinal  direction  is  8  feet. 

s  =  16,000  Ib./in^  and  c  =  650  Ib./inl 
Total  load  supported  is  300  Ib./ft^ 

ivl " 

From  Diagrams  2  and  4,  taking  M  =        and  using  the  French  Government 

rule,  since  ratio  of  ^  =  1-5, 
h 

M  across  shorter  span  =  72  x  23,000, 

=  16,600  in. -lb., 

which  from  diagram  requires,  say,  |  inch  diameter  rods  at  8  incli  centres ; 
and  from  Diagrams  1  and  4,  taking  M  = 

M  across  longer  span  =  -185  x  65,000, 

=  5,500  in.-lb., 

which  from  diagram  requires,  say,  f  inch  diameter  rods  at  11  inch  centres. 


Diagram  11. 
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REINFORCED   CONCRETE    DESIGN  SIMPLIFIED. 


Example. 

The  bending"  moment  on  a  inch  slab  reinforced  with  ^  inch  diameter 
rods  at  5  inch  centres  is  30,000  in. -lb. 

To  find  the  stresses  in  the  concrete  and  steel. 

The  point  on  the  diagram  corresponding  to  this  reinforcement  and  this 
bending  moment  is  seen  to  lie  between  the  lines  representing 

,s  =  1G,000  and  s  =  17,000  Ib./in' 
and  between  c  =      700  and  c  =      750  Ib./iir, 

whence  the  stresses  are  seen  to  be  about 

s  =  16,200  Ib./in'. 
c  =      710  Ib./inl 


Diagram  1 2. 
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REINFORCED   CONCRETE    DESIGN  SIMPLIFIED. 


Example. 

A  floor  continuous  over  several  supports  carries  a  load  of  3  cwt.  super 
over  a  span  of  9  ft.  6  in.  ■ 

s  =  16,000  Ib./in^  and  c  =  750  Ib./iir. 

Allowing-  for  a  6  inch  floor — 

Floor  load  =  75  Ib./ft". 
Super  load  =  336  Ib./ftl 

Total  load  =  411  Ib./ftl 

From  Diagram  3,  drawn  for  M  =  ^ 

M  -  37,000  in.-lb. 

From  Diagram  13 — 

At  =  -53  sq.  in.  per  ft. 

=  f  in.  dia.  rods  at  7  in.  centres. 
=  ^  in.  dia.  rods  at  4^  in.  centres. 

The  concrete  is  being  stressed  to  about  710  lb.  per  sq.  in. 


Diagram  13. 
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REINFORCED   CONCRETE    DKSION  SIMPLIFIED. 


Use  of  Diagram  14. 
Ill  a  few  exceptional  cases  it  may  not  be  possible  to  make  use  of  the 
diagrams   g-iven   for   slabs,    in   which   case    Diagram  14  can  be  used.  This 

M 

diagram    gives   corresponding   values   for    j—jz^   and    the    percentage    of  steel 

Oct  ^ 

required.     It  may  also  be  used  for  rectangular  beams,  if  desired. 

Example. 

A  floor,  12  X  24  feet,  resting  on  walls  has  to  be  designed  without  beams 
to  carry  a  super  load  of  1^  cwt./ft'. 

s  =  17,000  Ib./in'  and  c  =  700  Ib./inl 
A^ssuming'  as  a  first  approximation  a  6  inch  floor  slab — 
Weight  of  floor  slab  per  sq.  ft.  =75  lb. 

Weight  of  floor  covering  per  sq.  ft.  =  13  lb. 
Super  load  per  sq.  ft.  =168  lb. 


Taking  M 


Total  load  per  sq.  ft.  =  256  lb. 


256  X  12'  X  12  . 
M  =   ^  in.-lb. 

=  55,000  in.-lb.  per  sq.  ft.  width. 
Allowing  1  inch  off"  the  total  depth  for  the  effective  depth,  it  will  be  seen 
from  Diagram  13  that  a  5  inch  effective  depth  is  insufficient. 

Diagram  14  shows  that  for  the  given  stresses         must  not  exceed  117. 

Taking  6  =  12  inches  as  corresponding  to  the  value  of  M, 

•     i^  =  117 

55,000 

or    «;  =  

12  X  117 

ds  =  6-26  in. 

Taking,  then,  an  effective  depth  of  6|-  inches,  the  total  depth  of  slab  will 
be  7-^  inches,  instead  of  the  6  inches  assumed. 
.-.  Total  load  of  floor  will  be  274  lb.,  then 

^  274  X  12'  X  12 
8 

=  59,000  in.-lb. 
.  _  59,000 

■  ■   hd'i  ~  12  X  (6-5)' 
=  UG. 
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REINFORCED   CONCRETE    DESIGN  SIMPLIFIED. 


From  diagram,  p  —  -79,  and 

Reinforcement  per  foot  width  of  slab  =  -^cLh, 
^  100  ' 

=  ^  X  12  X  6-5, 

=  -02  sq.  in., 

or,  say,  f  in.  rods  at  6  in.  centres. 

Position  of  Neutral  Axis. 

Use  of  Diagram  15. 

The  position  of  the  neutral  axis  in  a  beam  is  dependent  on  the  stresses 

to  which  the  concrete  and  steel  are  respectively  being  stressed.  Thus, 

15c  J 

n  —  a. 

s  +  15c 

From  the  diagram  the  value  of  can  be  found  for  given  values  of  c  and  s. 
Hence  for  a  beam  of  any  given  depth  n  can  be  found. 

^Example. 

In  a  beam  of  24  inches  effective  depth  the  concrete  is  stressed  to  400  Ib./iir 
and  the  steel  to  17,000  Ib./in". 

To  find  the  position  of  the  neutral  axis  :  From  the  diagram  for 
.s-  =  17,000  Ib./iir  and  c  =  400  Ib./iir. 

^  =  -261.    .-.  n  =  -261  X  24  =  6-25  in. 
a 


* 


Diagram  1  5. 
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SECTION  V. 


DESIGN  OF  RECTANGULAR  BEAMS. 


Single  Reinforcement. 
The   equations   already  given  for  the  design  of  slabs  are  also  true  for 
rectangular  beams.    Diagrams  IG,  IGa,  and  17  show  the  application  of  these 
formulae. 


r 

Fig.  16. 


Double  Reinforcement. 
It  is  sometimes  necessary  to  place  some  reinforcement  to  help  the  concrete 
m  compression.    On  the  assumption  that  such  steel  is  placed  at  the  centre  of 

compression,  i.e.  at  a  distance  of  -  from  the  compressive  edge  of  the  beam 
the  Diagrams  IG,  16«,  and  17  can  also  be  used  for  finding  directly  any  double 


DESIGN   OF   RECTANGULAR  BEAMS. 
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reinforcement  which  may  be  required.  In  general  practice  the  metal  in 
compression  will  be  placed  rather  nearer  the  compression  face  than  this 
assumption  implies.  If  this  be  the  case  owing'  to  the  slightly  increased 
lenglh  in  the  leverage  arms  of  the  tensile  and  compressive  reinforcements,  the 
beam  will  be  slightly  stronger  than  calculated. 

In  using  these  curves,  if  for  a  given  value  of  M  and  (/,  it  is  found,  say, 
that  h  should  be  10  inches,  and  if  the  value  of  12  inches  be  used,  then  it  is 
approximately  true  that  the  concrete  is  being  stressed  to  1^  '^^^ 
permissible  value;  the  position  of  the  neutral  axis  is  therefore  slightly  altered, 
which  means  a  very  small  alteration  in  the  leverage  arm.  Any  such  error 
introduced  in  finding  the  value  of  A,  will  be  quite  negligible. 

Use  of  Diagrams  16,  16rt,  and  17. 
.SVv igl e  Reinfoi rem ent. 

The  diagrams  are  used  in  the  following  manner  :  Having  determined  the 
bending  moment  on  a  beam,  the  horizontal  line  corresponding  to  this  value 
is  traced  to  intersection  with  the  curves  representing  various  depths.  Having 
chosen  some  depth,  the  corresponding  value  for  the  tensile  reinforcement  can 
be  found  by  tracing  the  above  intersection  to  the  scale  at  the  bottom  of  the 
diagram.  It  will  be  found  that  for  given  values  of  j\l  and  d  a  corresponding 
value  for  h  is  obtained  by  either  working  on  or  interpolating  a  value  between 
the  curves  which  have  been  drawn  for  values  of  />  =  6  inches,  8  inches,  10  inches, 
12  inches,  14  inches,  16  inches,  and  18  inches.  The  value  of  h  thus  obtained 
will  give  the  most  economical  breadth  of  beam  to  use  ;  in  fact,  that  breadth 
which  is  both  necessary  and  sufficient  from  a  consideration  of  the  direct  stresses 
in  the  beam  due  to  the  bending  moment. 

The  bending  moment  cannot,  of  course,  be  accurately  determined  until 
the  size  of  the  beam  is  known.  In  practice  an  allowance  of  20  pei-  cent,  of 
the  external  bending  moment  can  be  made  for  that  due  to  the  weight  of 
a  rectangular  beam.  Values  of  h  and  d  can  then  be  found,  and  a  second  •  and 
more  accurate  determination  of  M  and  At  can  then  be  made. 
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REINFORCED   CONCRETE   DESIGN  SIMPLIFIED. 


Example. 

M  =  900,000  in.-lb. 
s  =    16,000  Ib./inl 
c  =        GOO  Ib./inl 

It  is  assumed  in  this  example  that  the  above  bending-  moment  is  the 
finally  determined  quantity  corresponding  to  the  chosen  values  of  b  and  d. 

In  the  above  example  it  will  be  seen  from  the  diagram  drawn  for  working 
stresses  of  1G,000  lb. /in'  in  the  steel  and  GOO  lb. /in"  in  the  concrete  that 
the  following  series  of  values  could  be  used  : — 

(1)  d  =  28  in.,  h  =  12  in.,  and  A,  =  2-27  sq.  in.  ;  or 

(2)  =  30  in.,      =  1 1  in.,  and  At  =  2-12  sq.  in.  ;  or 

(3)  d  =  24  in.,  h  =  17  in.,  and  Ai  =  2-64  sq.  in.,  etc. 

Knowing  the  effective  depth  of  the  beam,  the  total  depth  of  beam  can 
be  settled  when  the  amount  of  covering  and  the  size  and  disposition  of  the 
reinforcement  rods  are  known.  , 
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REINFORCED   CONCRETE   DESIGN  SIMPLIFIED. 


Double  Reinforcement. 


Having  decided  on  the  maximum  values  which  can  be  given  to  h  and  d, 
the  value  of  At  corresponding  to  a  given  bending  moment  is  first  found,  the 
value  of  h  being  ignored. 

Secondly,  the  bending  moment  which  can  be  taken  by  the  concrete  can 
be  found  for  the  given  values  of  h  and  d.  The  difference  between  this  amount 
and  the  total  bending  moment  gives  the  bending  moment  which  must  be 
taken  by  the  compressive  reinforcement.  The  horizontal  line  corresponding  to 
this  value  is  traced  to  intersection  with  the  curve  representing"  the  given 
effective  depth,  and  this  intersection  is  traced  vertically  to  the  scale  at 
the  top  of  the  diagram.  This  scale  will  give  the  amount  of  compressive 
reinforcement  which  is  required.     The  following  is  an  example  : — 


Example. 


M 
h 
d 


2,000,000  in.-lb. 
12  in. 
36  in. 


Diagram  1  Cm. 


4000000 


3t000000 


I  Z  3  4  5 
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REINFORCED    CONCRETE    DESIGN  SIMPLIFIED. 


It  will  usually  be  most  economical  to  use  the  greatest  eftective  depth 
possible  with  the  purpose  of  avoiding  as  far  as  possible  double  reinforcement. 
The  steel  placed  in  compression  is  much  less  economically  used  than  the 
tensile  reinforcement.  It  is  assumed  in  this  example  that  the  choice  of  the 
above  values  of  b  and  d  has  been  determined  from  practical  considerations. 

From  Diagram  16  it  is  seen  that  the  value  of  At  corresponding  to  values 
of  M  =  2,000,000  in. -lb.  and  d  =  36  in.  is  3-98  sq.  in.  The  bending  moment 
which  can  be  taken  by  the  concrete  in  compression  in  a  beam  of  36  in. 
effective  depth  and  of  12  in.  in  breadth  is  seen  to  be  1,460,000  in.-lb. 
There  is,  therefore,  a  bending  moment  of  2,000,000  -  1,460,000  =  540,000  in.-lb. 
which  must  be  taken  by  reinforcement  to  be  placed  in  the  compression  area 
of  the  concrete.  Using  now  the  top  scale  of  the  diagram  it  will  be  found 
that  2-85  sq.  in.  of  steel  are  required  in  compression  to  take  this  bending 
moment. 


DiAfiRAM  17. 
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SECTION  VI. 
DESIGX  OF  T  BEAMS. 


Fic.  17. 

T  beams  are  by  far  the  most  common  form  of  reinforced  concrete 
construction.  In  designing  them  as  regards  their  resistance  in  tension  and 
compression  four  main  factors  have  to  be  considered  : — 

(1)  The  total  depth  of  the  slab  d^. 

(2)  The  effective  breadth  of  the  slab  B,  i.e.  the  width  of  slab  which  may 

be  considered  to  act  with  the  beam  proper. 

(3)  The  effective  depth  of  tlie  beaui  d. 

(4)  The  reinforcement  required. 

The  value  of  will  first  have  been  settled  in  designing  the  slab.  The 
diagrams  given  below  for  the  design  of  T  beams  give  for  a  known  value  of 
d^  corresponding  values  of  B,  d,  and  A^. 

1 
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REINFORCED   CONCRETE    DESIGN  SIMPLIFIED. 


As  regards  the  precise  amount  of  the  floor  slab,  which  may  be  taken  as 
acting  with  the  web,  there  is  no  very  satisfactory  theoretical  determination. 
The  value  of  B,  however,  is  usually  limited  as  follows  : — 

B  <  one-third  the  span  of  the  beams. 

B   <  three-fourths  of  the  distance  from  centre   to  centre    of  the  rein- 
forced ribs. 
B   <  fifteen  times  the  total  depth  of  slab. 

The  diagrams  will  show  in  every  case,  the  exact  value  of  B,  which  is 
being  used  ;  and  as  long  as  this  value  meets  the  above  requirements,  it  is 
known  that  the  compressive  strength  of  the  beam  is  sufficient. 

A  further  set  of  diagrams  are  given,  which  will  enable  any  compressive 
reinforcement  to  be  found.  This  will  be  necessary  if  value  of  B  used  does 
not  meet  any  of  the  above  requirements.  In  that  case  the  beam  will  be 
weak  in  compression,  and  will  have  to  be  reinforced  in  compression. 

Single  Reinforcement. 

The  following  equations  will  be  found  to  be  practically  satisfied  by  the 
diagrams  given. 

Bd; 


-H  IbAtd 
z 

Bds  -h  15^, 


(1) 


Leverage  arm  L  =  d  —  —  +  — -, — — — (2) 

2      G  (272-  (^s) 

M  =^  s  X  At  X  L  (3) 

n  _  15c 

d  ~  s  -t-  15c  ^  ^ 

Two  sets  of  diagrams  are  given,  one  drawn  for  maximum  values  of  c  = 

GOO  Ib./iir  and  s  =  16,000  Ib./in^ ;  and  the  other  drawn  for  maximum  values 
of  c  =  750  Ib./in'  and  s  =  17,000  Ib./iir. 

Double  Reinforcement. 

The  following  equations  are  usually  given  for  checking  the  design  of 
T  beams  with  double  reinforcement.  Should  the  designer  be  i-equired  to 
check  any  of  his  work  by  the  test  of  these  formulas,  he  will  be  quite  justified 
in  ascertaining  his'  values  for  A,,  A,.,  d,  etc.,  from  the  diagrams  g-iven — a  very 
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quick  operation — substituting  these  values  in  the  given  equations,  and  writing 
down  the  answer,  as  it  should  be,  which  is  as  it  would  be.  The  only- 
approximation  made  on  these  formulas,  when  double  reinforcement  is  required, 
is  that  while  the  value  of  Ac  is  exactly  determined,  a  very  slight  error  in 
the  value  of  At  may  arise,  since  the  possible  difference  in  length  of  its  leverage 
arm.  due  to  the  disposition  of  the  steel  in  compression,  is  neglected.  Such 
error  will  always  be  quite  inappreciable,  and  less  than  that  probably  due  to 
reading  the  diagrams. 

+  15  J  Atd  X  Atdc  I  - 


n 


Bd,  X  15       +  Ac) 


Use  of  Diagrams  18  to  24. 

Single  Reijif or  cement. 

The  diagrams  are  used  in  the  following  way  and  will  give  directly  the 
value  of  At  whether  single  or  double  reinforcement  be  required.  The  value 
of  the  bending  moment  having  been  found  for  the  given  conditions,  together 
with  the  value  of  d,,  corresponding  values  of  At  and  d  can  be  read  off  from 
the  curve  drawn  for  the  particular  value  of  d,.  The  only  condition  to  be 
fulfilled  is  that  the  point  selected  on  the  curve  must  fall  within  the  line 
representing  the  maximum  permissible  value  which  can  be  given  to  B.  That 
is  to  say,  the  breadth  of  the  slab  which  it  is  necessary  to  develop  in  order 
to  keep  the  stress  in  the  concrete  below  GOO  lb.  per  square  inch  can  also  be 
found  by  interpolating  values  between  or  working  on  the  curves  representing 
B,  30  inches ;  B,  40  inches  ;  B,  50  inches ;  and  B,  GO  inches,  etc.  In  these 
diagrams  the  value  of  B  is  restricted  to  about  15  d^,  hence  this  restriction 
need  nf>t  be  separately  considered  when  using  the  diagrams. 
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REINFORCED   CONCRETE   DESIGN  SIMPLIFIED. 


Example, 

A  beam  freely  supported  has  to  carry  a  uniformly  distributed  load  of 
2,000  Ib./ft.  run,  including'  the  weight  of  the  slab,  over  a  span  of  20  feet. 
The  slab  is  3  inches  thick,  and  total  depth  of  beam  must  not  exceed  30  inches, 
s  =  16,000  Ib./iir  and  c  =  600  \h./hr. 

To  design  the  beam. 

The  bending  moment  cannot  be  exactly  found  until  the  dimensions  of  the 
beam  are  known. 

As  a  first  approximation  allow  10  per  cent,  of  the  load  carried  for  the 

weight  of  the  beam. 

Tlien  load  =  2,200  Ib./ft.  run. 

j.^    (2,200  X  20)  X  20  X  12  in. -lb.    ,  ,^  wP 

M  =  —  ,  takmg  M  =  — 

8  '         ^  8  ■ 

=  1,320,000  in. -lb. 

B  must  not  exceed  one-third  of  20  feet  =  80  inches,  but  it  is  also  limited 
to  15       =  45  inches. 

From  diagram  it  will  be  seen  that  since  B  must  not  exceed  45  inches, 
an  effective  depth  of  22  inches  or  more  can  be  used.  If  a  greater  effective 
depth  be  used  the  concrete  will  be  understressed,  and  if  a  less  effective  depth 
be  used  the  concrete  will  be  overstressed,  unless  reinforcement  be  placed  in 
compression. 

Let  us  say  then  effective  depth  =  26  inches. 

Then  total  depth  of  beam  =  28  inches. 

Also  At  =  3-35  square  inches. 

Allowing  a  9  in.  breadth  of  rib,  dimensions  of  beam  beneath  slab  are 
25  X  9  inches. 

.'.  Taking  weight  of  concrete  beams  as  150  Ib./cub.  ft. 

Weight  of  beam  =  —  x  —  x  150  lb.  cub.  ft.  =  235  Ib./ft. 

^  12    12  ' 

:.  Total  load  =  2,235  Ib./ft. 

andi¥=(M^^AM2i^0j^ 
8 

=  1,340,000  in.-lb. 

Whence  for  an  effective  depth  of  26  inches,  3-40  square  inches  of  steel  are 
required.  Tables  given  on  pp.  115  and  116  will  then  enable  the  right  size  and 
number  of  rods  to  be  found. 

For  estimating  purposes  the  allowance  of  10  per  cent,  for  the  beam  will 
generally  be  sufficiently  exact  without  a  second  calculation. 
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REINFORCED   CONCRETE   DESIGN  SIMPLIFIED. 


Example. 

A  floor  3^  inches  thick  is  to  be  supported  on  beams,  which,  acting  with 
the  floor  slab,  form  T  beams.  These  beams  are  to  be  10  feet  to  centres,  and 
the  span  is  20  feet.  They  are  continuous  over  several  supports.  Floor  to 
carry  a  super  load  of  1|^  cwt. 

Then  weight  of  floor  slab  per  sq.  ft.  =    44  lb. 

Weight  of  floor  covering  per  sq.  ft.  =12  lb. 

Super  load  per  sq.  ft.  =168  lb. 

Allowance  for  weight  of  beam  per  sq.  ft.  =    20  lb. 

Total  load  per  sq.  ft.  =  244  lb. 

wl' 

Taking  M  =  — 

(244  X  10  X  20)  X  20  x  12  • 

M  =  m.-lb. 

12  . 

=  976,000  in. -lb. 


Also  B  must  not  exceed    f  x  10   ft.  =  90 


m. 


B  must  not  exceed  -J  x  20  ft.  =  80  in. 
B  must  not  exceed  15  x    Z^'m.  =  52|^  in. 

From  diagram  then  Tninimum  effective  depth  is  about  15  inches. 
Selecting  an  eff'ective  depth  of  18  inches,  the  tensile  reinforcement  required 
is  3-65  square  inches,  which  could  be  made  up  of  No.  6  |-  inch  diameter  rods. 
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REINFORCED   CONCRETE    DESIGN  SIMPLIFIED. 


Example. 

A  4  inch  floor  is  supported  on  beams  at  8  feet  centres.  Span  is  16  feet. 
Beams  are  continuous  over  several  supports.    Super  load  carried  equals  2  cwt. 

Then  weight  of  floor  slab  per  sq.  ft.  =^50  lb. 

Weight  of  floor  covering  per  sq.  ft.  =    12  lb. 

Super  load  per  sq.  ft.  =  224  lb. 

Allowance  for  weight  of  beam  per  sq.  ft.  =    25  lb. 

Total  load  per  sq.  ft.  =311  lb. 

Then  taking  M  =  — 
^  12 

M  =  (311  X  8  X  16)  X  16  X  12  .^^ 

12  ■  ■ 

=  311  X  8  X  16'  in.-lb. 
=  638,000  in.-lb. 

Also  B  must  not  exceed  fx  8  ft.  =  72  in. 
B  must  not  exceed  ^  x  16  ft.  =  64  in. 
B  must  not  exceed  15  x    4  in.  =  60  in. 

Therefore  minimum  effective  depth  which  can  be  used  is  12  inches. 
Taking  an  effective  depth  of  18  inches,  tensile  reinforcement  required  = 
2-46  square  inches,  which  could  be  made  up  of  No.  4  f  inch  diameter  rods. 


Diagram  20. 
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REINFORCED   CONCRETE    DESIGN  SIMPLIFIED. 


Example. 

The  end  span  of  a  beam  continuous  over  several  supports  carries  a  total 
load,  including  its  own  weight,  of  3,000  lb.  per  foot  run.  Span  of  beam  is 
22  feet.  Total  depth  of  beam  to  be  24  inches.  Beams  at  7  feet  centres,  and 
total  depth  of  floor  slab  4|-  inches. 

Taking  ilf  =  ^ 
^  10 

7,.     3,000  X  22'  X  12  . 

M  =  ~  in. -lb. 

10 

=  1,740,000  in.-lb. 
B  must  not  exceed    fx    7  ft.  =  63  in. 
B  must  not  exceed    ^  x  22  ft.  =  88  in. 
B  must  not  exceed  15  x  4^  in.  =  67^  in. 

If  total  depth  of  beam  be  24  inches,  effective  depth  may  be  taken  as 
22  inches.  In  using  this  effective  depth  it  will  be  seen  that  a  permissible 
value  for  B  of  about  45  inches  is  assumed.  Hence  the  strength  of  the  beam 
in  compression  will  be  more  than  required. 

Also  At  =  5-i  square  inches,  which  could  be  made  up  of,  say.  No.  3  1  inch 
diameter  and  No.  3       inch  diameter  rods. 


Diagram  21. 
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REINFORCED   CONCRETE   DESIGN  SIMPLIFIED. 


A  beam  freely  supported  over  a  span  of  18  feet  carries  a  concentrated 
load  at  centre  of  20,000  lb.,  and  a  uniformly  distributed  load,  including  its  own 
weight,  of  1,000  lb.  per  foot  run.  Beams  at  8  feet  centres,  and  total  depth 
of  floor  slab  5  inches. 

Then  for  concentrated  load  TT^, 

.  ^n      20,000  x  18  x  12.  n 

M\  =  —  =  —  m.-lb. 

4  4  •  - 

=  1,080,000  in.-lb. 

For  uniformly  distributed  load — 

tvP      1,000  X  18' X  12  .  H 

Ml  =  —  =  ~  m.-lb. 

8  8 

=  486,000  in.-lb. 
.-.  Total  bending  moment  =  1,080,000  +  486,000  in.-lb. 

=  1,546,000  in.-lb. 
B  must  not  exceed    fx  8  ft.  =  72  in. 
B  must  not  exceed    |^x  18  ft.  =  72  in. 
B  must  not  exceed  15  x   5  in.  =  75  in. 

From  diagram  minimum  effective  depth  is  about  15  inches.  Taking  an 
effective  depth  of  18  inches;  ^i^^  6  square  inches,  which  could  be  made  up  of, 
say.  No.  6  1-g-  inch  diameter  rods. 


Diagram  22. 
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REINFORCED   CONCRETE    DESIGN  SIMPLIFIED. 


Example. 

The  bending"  moment  on  a  beam,  supporting  a  b\  incli  floor,  is 
2,500,000  in. -lb.  d  must  not  exceed  30  inches,  and  the  value  of  B  must 
not  exceed  60  inches. 

From  diagram,  any  effective  depth  between  22  inches  and  30  inches 
may  be  used. 

Thus  tlie  following  are  corresponding  values  for  d,  B,  and  At  : — 


d 

B 

A, 

22  inches 

58  inches 

7-80 

square 

inches 

24  „ 

51  „ 

7-15 

? ) 
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5  ) 

!  ) 

28  „ 

41  „ 

6-05 

)  5 

r ) 

30  „ 
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)  J 

) ) 
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REINFORCED   CONCRETE    DESIGN  SIMPLIFIED. 


Example, 

A  beam,  supporting  a  6  inch  floor  and  continuous  over  several  supports, 
carries  a  triangular  load  of  15,000  lb.,  and  a  uniform  load  of  1,500  lb.  per  foot 
run.    Beam  is  26  feet  span,  and  8  feet  to  centres. 

For  a  triangular  load  carried  by  a  freely  suppoited  beam  M  —  Then 

6 

on  the  same  principle  that  M  is  taken  as  — —  for  a  uniform  load,  for 
a  triangular  load 

15,000  x  2  x  612.  1, 

=  —  m.-lb. 

9 

=  520,000  in. -lb. 


For  the  uniform  load 


=  1,500  X  26-  =  1,015,000  in.-lb. 
.".  Total  bending  moment  =  1,535,000  in.-lb. 

B  must  not  exceed    fx   8  ft.  =    72  in. 
B  must  not  exceed    |-x26  ft.  =  104  in. 
B  must  not  exceed  15  x   6  in.  =    90  in. 
From  diagram,  choosing  an  effective  depth  of  28  inches- 

At  =  3-75  square  inches. 


Diagram  24. 
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REINFORCED   CONCRETE   DESIGN  SIMPLIFIED. 


Use  of  Diagrams  25  to  27. 
Double  Reinforcement. 

When  double  reinforcement  has  to  be  used,  diagrams  must  be  used  in 
conjunction  with  those  already  described.  In  finding  At  the  same  method  of 
procedure  as  that  before  described  is  followed  with  the  exception  that  the 
choice  of  d  is  not  restricted  by  the  value  which  can  be  given  to  B.  It  will 
be  noticed  that  the  curves  for  the  steel  are  straight  lines,  and  consequently 
for  a  value  of  M  exceeding  the  limits  of  the  curve  At  can  be  found  by  taking 
twice  the  amount  required  for  half  the  given  bending  moment.  Thus  the 
value  of  At  for  a  given  value  of  d  and  d^  for  M  =  6,000,000  in. -lb.  is  twice 
that  required  for  M  =  3,000,000  in. -lb.,  and  so  on. 

Thus  the  value  of  At  is  obtained.  Next  the  maximum  bending  moment 
which  can  be  taken  by  the  concrete  is  found  by  obtaining  the  value  of 
M  corresponding  to  the  given  values  of  B  and  d.  This  value  is  deducted 
from  the  actual  bending  moment.  The  result  of  this  subtraction  sum  gives 
the  bending  moment  which  has  to  be  taken  by  the  steel  to  be  placed  in 
compression  Ac.  The  value  of  Ac  is  readily  found  by  using  the  curves  given, 
these  curves  being  drawn  for  given  values  of  dc.  In  general  practice  dc  will 
be  somewhere  between  and  2|-  inches.  Curves  are  drawn  for  dc  =  1^  inches, 
dc  =^  2  inches,  and  dc  =  2^  inches. 

Having  fixed  values  of  M,  B,  d,  and  ds,  the  design  of  a  T  beam  with 
double  reinforcement  is  thus  resolved  into  a  subtraction  sum,  the  areas  of 
steel  required  in  tension  and  compression  being  at  once  obtained  by  using 
the  curves. 

Example. 

The  bending  moment  on  a  T  beam  carrying  a  4^  inch  floor  is 
4,500,000  in.-lb.  The  span  is  35  feet,  and  the  distance  between  centres 
of  beams  is  7  feet.    The  total  depth  of  beam  is  limited  to  30  inches. 

s  =  16,000  Ib./in^  and  c  =  600  Ib./in' 
B  must  not  exceed    fx   7  ft.  =    63  in. 
B  must  not  exceed         35  ft.  =  140  in. 
B  must  not  exceed  15  x  4|^  in.  =    67  in. 
Taking  the  maximum  effective  depth  of  28  inches  and  i?  =  63  inches,  it 
is  seen  on  referring  to  the  diagram  for  ds  =  4|-  inches  that  double  reinforcement 
will  be  required.    To  avoid  double  reinforcement  an  effective  depth  of  34  inches 
would  be  required. 
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From  diagram  for  ds  =  4^  inches,  finding  At  as  though  no  compressive 
reinforcement  was  required,  At  =  10-7  square  inches. 

This  is  found  by  taking  twice  the  reinforcement  given  on  diagram  for 
half  the  actual  bending  moment,  viz.  2,250,000  in. -lb. 

From  same  diagram  it  will  be  seen  that  the  bending  moment  taken  by  a 
63  inch  breadth  of  slab  with  an  effective  depth  of  28  inches  is  3,400,000  in. -lb. 

.'.  Bending  moment  to  be  taken  by  compressive  reinforcement — 

=  4,500,000  --3,400,000  in.-lb. 
=  1,100,000  in.-lb. 

If  compressive  reinforcement  is  placed  at  a  distance  of  1^  inches  from  the 
top  of  the  slab,  and  since      =  28  inches,  from  diagram — 

Ac  =  5-G  square  inches. 

Example. 

M  =  5,000,000  in.-lb. 
^  =  50  inches. 
ds  =  b  inches. 

In  the  first  place  it  will  be  necessary  to  fix  the  depth  of  the  beam. 
It  will  be  most  economical,  generally,  to  have  the  greatest  possible  depth  of 
beam  in  order  to  reduce  the  amount  of  steel  in  compression,  which  is  always 
uneconomically  stressed.  It  will  be  assumed  that  34  inches  is  the  greatest 
possible  effective  depth. 

From  the  curves  drawn  for  ds  =  5  inches,  it  is  seen  that  A,  =  9-95  square 
inches  for  a  value  oi  M  =  5,000,000  in.-lb.,  and  for  d  =  34  inches. 

From  the  same  curve  it  will  be  seen  that  the  bending  moment  taken  by 
a  50  inch  breadth  of  slab  with  an  effective  depth  of  34  inches  is  3,780,000  in.-lb. 

This  leaves  a  bending  moment  of  5,000,000  —  3,780,000  in.-lb.  to  be  taken 
by  A,.  Placing  this  steel  at  a  distance  of  2  inches  from  the  top  of  the  slab, 
from  the  curves  corresponding  for  a  value  of  de  =  2  inches  it  is  found  that 
the  steel  required  in  compression  for  a  bending'  moment  of  1,220,000  in.-lb., 
when  d  =  34  inches,  is  5-08  square  inches. 

Thus  Ac  and  At  are  found. 
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Example. 

M  =  2,500,000  in. -lb. 
ds  —  4  inches. 
^  =  40  inches. 
Total  depth  of  beam  =  30  inches. 

s  =  16,000  Ib./in-. 

c  =  600  Ib./inl 

From  diagram  drawn  for      =  4  inches,  for  d  =  28  inches,       =  6  sq.  in. 
Bending  moment  taken  by  concrete  =  2,020,000  in. -lb. 
.-.  Bending-  moment  taken  by  A,  =  2,500,000  -  2,020,000 

=  480,000  in. -lb. 

If  compressive  reinforcement  be  placed  2^  inches  from  the  top  of  the  slab 
from  diagram — 

Ac  =  2-9  square  inches. 
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SECTION  VII. 


WEB  REINFORCEMENT. 

The  failure  of  a  beam  will  be  due  to  one  of  three  causes — 

(1)  Failure  in  direct  compression. 

(2)  Failure  in  direct  tension. 

(3)  Failure  in  diagonal  tension  ;  or  what  is  commonly  called  a  shear 

failure. 

From  a  large  number  of  experiments  which  have  been  carried  out,  the 
ultimate  shearing  strength  of  a  beam  having  no  web  reinforcement  would  seem 
to  be  about  100  Ib./in"  calculated  as  average  shearing  stress  on  a  cross  section. 
Web  reinforcement  is  usually  provided  if  the  shearing  stress  exceeds  30  Ib./in^ 
on  the  concrete.  In  calculations  the  concrete  may  be  assumed  to  carry  its 
safe  load,  and  the  steel  proportioned  to  carry  the  remainder. 

The  method  of  calculations  given  below  is  at  best  very  approximate,  but 
it  represents  good  practice  founded  on  a  rational  basis. 

1.    Where  Shear  Reinforcement  consists  of  Vertical  Stirrups. 
Let  >S'  represent  the  total  shear  not  carried  by  the  concrete. 

Then  intensity  of  shear        =  v  (assumed  uniform). 

This  will  also  be  taken  as  the  intensity  of  the  diagonal  tensile  stress 
at  45°. 

Vertical  stirrups  will  carry  only  the  vertical  component  of  this  diagonal 
tension,  the  horizontal  bars  taking  the  horizontal  component. 

Assuming  that  each  stirrup  takes  the  same  stress,  equal  to  P,  if  the 
stirrups  are  spaced  r  inches  apart — 

P  =  vhr  (1) 
S 
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Also,  if  A,  be  the  area  of  the  vertical  stirrups  at  any  one  section,  and 
a  stress  s  of  12,800  Ib./in^  is  allowed — 

P  =  12,800  A,  =  y  v  (3) 

Spacing  of  First  Stirrup. 
For  a  beam  freely  supported  the  shear  is  a  maximum  at  the  ends,  and 

equal  to  —  ;    and  altliough  in  continuous  beams  the  maximum  shear  will  have 

other  values,  it  will  be  in  general  sufficient  to  take  this  as  the  shear  on  all 
beams,  supported  at  both  ends,  at  the  supports.  Any  further  refinement  in 
the  calculation  of  shearing  stresses  is  unnecessary.  Allowing  for  the  shear 
taken   by  the   concrete,   shear    taken   by   the   stirrups  at  end,  S,    will  be 

(^^  -  SO bL^  and 

Q  •  n  n  .  12,800  •  A..  ■  L 
opacmg  oi  iirst  stirrup  r  =  —  ^  

When  an  area  of  steel  At  is  bent  up  at  an  angle  ^  the  shear  taken  by  the 

vertical  stirrups  becomes  S  ^         —  30hd  —  s  At  sin        at  the  ends.     r  is 

then  found  as  above. 
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Use  of  Diagram  38. 

This  diagram  gives  for  corresponding  values  of  the  leverage  arm  and  the 
area  of  shear  reinforcement  the  value  of  (the  spacing  of  the  first  stirrup  x 
the  shear  taken  by  the  stirrups  at  the  end). 

Exa7npJe. 

A  beam  of  24  inches  total  depth  and  G  inches  thickness  of  rib,  supporting 
a  4  inch  floor,  carries  a  total  load  of  20,000  \h.  Tlie  shear  reinforcement 
consists  of  vertical  stirrups. 

To  find  the  area  and  spacing  of  the  first  stirrup. 

Effective  depth  of  beam,  d,  may  be  taken  as  22  inches. 

Also,  for  pui'pose  of  these  calculations,  the  leverage  arm,  L,  may  be 
taken  as 

L  =  d  -  '^ 
2 

W 

.'.  Leverage  arm  =  22  —  |  =20  inches  and  S  =  —  30hL 

=  10,000  -  30  X  6  X  20  lb. 
=  6,400  lb. 

Taking  a  stirrup  (l  x     inch)  in  section-area,  from  diagram — 

Spacing  of  first  stirrup  x  S  =  32,000. 

.   Q      •        r  n    .  32,000 
.  .  opacmg  oi  first  stirrup         =  —  

^      ^  ^  6,400 

=  5  inches. 

By  expressing  this  in  terms  of  the  half-span,  the  spacing  of  the  other 
stirrups  can  be  found  from  Table  V. 

A  convenient  way  of  setting  out  these  values  is  as  follows  : — 
Take  any  scale  divided  into  tenths,  of  such  a  length  that  it  is  equal  to  or 
greater  than  the  half-span,  lay  it  across  the  drawing  of  the  half  elevation  of 
the  beam  so  that  one  end  (the  zero  end)  corresponds  with  the  point  of  support 
and  the  other  with  the  centre  line  of  the  beam.  Then  proportionate  distances 
of  the  half-span  can  be  at  once  marked  off"  along  the  line  of  the  scale,  which 
when  projected  upwards  will  give  the  proper  position  of  the  stirrups. 
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2.  Where  Shear  Reinforcement  consists  of  Inclined  Rods  or  Stirrups. 
For  inclined  stirrups  the  most  unfavourable  assumption  is  that  they  take 
the  full  diagonal  tension.     The  spacing  at  right  angles  to  the  line  of  rupture 
is  r  cos  45^  Hence, 


P  =  vhr  cos  45° 
=  jT  COS  45 


(6) 


The  following  graphical  method  may  be  used  for  finding  the  spacing  of 
bent  rods  : — 


Referring  to  the  above  figure,  calculate  the  total  shearing  stress  at  end, 

W 


we  have  from  equations  (l)  and  (2)  v  = 


2hL 


Project  the  axis  OB  upon  an  axis  OC  at  45°  inclination  and  mark  off 
CD  equal  to  v.  Join  OD.  The  ordinates  between  OD  and  OC  will  represent 
the  shearing  stresses  along  the  beam. 

Next  calculate  the  shearing  force  of  the  first  rod,  area  A,,  bent  up. 
P  =  s  ■  A,'  sin  45'  (7)  ;  or  taking  s  -  16,000  Ib./in^  P^  =  11,400  At  (8). 

Then  set  oflP  EF  so  that  the  area  of  the  figure  CDFE  will  equal  this 
value  of  Px  divided  by  the  breadth  of  the  beauL  Through  the  centre  of 
gravity  of  the  figure  CDFE  draw  a  line  at  45^",  and  this  should  represent  the 
position  of  the  first  rod  bent  up. 
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Xext  find  an  area  EFGH,  which  shall  equal  the  shearing  force  taken 
by  the  second  rod  bent  up  divided  by  the  breadth  of  the  beam.  The  position 
of  this  rod  will  be  represented  by  a  line  passing-  through  the  centre  of  gravity 
of  EFGH,  and  so  on. 


I 


Fk;.  19. 


In  mo.st  cases  allowance  will  be  made  for  the  resistance  the  concrete 
offers  to  shear,  in  which  case  along  CB  should  be  set  back  a  distance  equal  to 
the  safe  value  which  can  be  given  to  this  resistance.  Also,  if  stirrups  are  also 
used,  their  shearing  resistance  calculated  as  shown  above  must  be  deducted, 

viz.  a  value  equal  to  I^i^^L^*  (gee  equations  1  and  3.) 

Thus  the  spacing  of  bent  rods  and  stirrups  can  be  found.  It  will  often 
be  found  impracticable  to  provide  as  much  reinforcement  by  means  of  bent 
rods  as  is  needed,  and  a  combination  of  bent  rods  and  vertical  stirrups  is 
common  practice. 
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SECTION  VIII. 


DESIGN   OF  RECTANGULAR  COLUMNS. 

DiagTams  39  and  40  are  drawn  in  accordance  with  the  formula 

W  =  c  (A  +  UA,). 

In  one  case  c  is  given  a  vakie  of  500  Ib./in^  and  in  the  other  a  vah;e 
of  600  Ib./in^ 

The  diagrams  are  so  drawn  that  a  percentage  of  steel  of  at  least  0-80 
per  cent,  will  always  be  used.  This  is  the  minimum  amount  prescribed  by 
the  E.I.B.A.  Committee. 


EECTAKGLR. 

39 

COLUMNS. 

c  =  oO(). 

40 

C  =  ()()() 

I  I 
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REINFORCED   CONCRETE    DESIGN  SIMPLIFIED. 


Use  of  Diagram  39. 
Example. 

Design  a  column  to  support  a  load  of  250,0001b. 
Permissible  stress  in  concrete  =  500  lb./in^ 
From  diagram — 

Column  =  21  x  21  inches. 

At  =  4-2  square  inches. 

=  say  No.  4  f  inch  and  ^  inch  diameter  rods. 


Diagram  oD. 


/r^R/n  forced    Cffjiere^  Co/vn/^*i3 


-9^9009 


0      /      a     3     ^     J     e     7     8     ^     /(f.  ^/ 


Area   of  /("ein^rcement   m  st^  /n$  ■ 


EECTAKGLK. 

39 

COLUJINS. 

r=.iO(). 

40 

c=60() 
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REINFORCED  CONCRETE   DESIGN  SIMPLIFIED. 


Use  of  Diagram  40. 
Example. 

Design  a  coluiiin  to  support  a  load  of  180,000  lb. 
Permissible  stress  in  concrete  =  600  Ib./in^ 
From  diagram — 

Column  =  16  x  16  inches. 

A I  =  2-43  square  inches. 

=  say  No.  4  ^  inch  diameter  rods. 


Diagram  40. 


/^eiinforcea   Coiocref'e  CoJunnn6 


i       a      3      ^      6       6      7       8      9      /O      II  12 
/^rea  of   Reinforcement  m  /ns 


SECTION  IX. 
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COST   OF  CONCRETE. 

Use  of  Diagram  41. 

Four  different  kinds  of  concrete  are  represented  on  the  diagram.    They  are- 
Gravel  Concrete  (G.C.) 
Gravel  Concrete  (G.C.) 
Stone  Concrete  (S.C.) 
Stone  Concrete  (S.C.) 
The  diagTams  represent  the  results  of  a  large  number  of  experiments  on 
the  composition  of  concrete  of  these  mixtures,  taking  into  account  the  effect 
of  shrinking,  etc. 

Curves  are  drawn  which  give  the  cost  of  the  component  parts  of  the 
concrete,  viz.  :  the  sand,  the  ballast,  and  the  cement.  Thus,  if  sand  is  costing 
5s.  per  cubic  yard,  the  cost  of  the  sand  in  a  cubic  yard  of  concrete  —  the 
concrete  being  gravel  concrete,  1  :  2  :  4  —  would  be  25.  Id. 

Example. 

To  find  the  cost  of  a  cubic  yard  of  gravel  concrete,  1  :  2  :  4. 
Total  cost  of  sand      =    56-.  6d.  per  cubic  yard, 
gravel   =  6s. 
,,       ,,     cement  =  26s.  per  ton. 

From  diagram —  ^  ^ 

Cost  of  sand   per  cubic  yard  of  concrete  =24 
„■     gravel         „  „  „  =50 

cement       ,,  ,,  ,,  =5  ll^r 


Cost  of  cubic  yard  of  concrete  (materials)  =  13  3^ 


The  cost  of  cement  per  ton  must  include  cost  of  sacks,  cartage  to  site,  etc. 

To  the  cost  of  the  materials  per  cubic  yard  of  concrete  must  be  added 
cost  of  labour  and  contractor's  profit,  and  the  estimator  will  then  have  got 
his  price  for  the  concrete. 
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COST 
of  Concrete. 


SECTION  X. 


Table  VI.    Superimposed  Loads  on  Floors. 

Live  Load  in  lb. 

Class  of  Buildings.  per  square  foot. 

Dwellings,  Flats,  and  Tenements       ....  40 

Schoolrooms         ........  50 

Offices  (upper  stories)         .        .        .        .        .        .  GO 

Offices  (first  floor)   80 

Stables  and  Coachhouses     .        .        .        .        .        .  65 

Banks,  Churches,  and  Theatres  .        ...        .        .  80 

Assembly  Halls,  Dancing  Halls,  Corridors  of  Public 

Buildings,  and  Hotels  .        .        .        .        .        .  120 

Shops  and  Drapery  Warehouses        .       .       .       .  120 

Drill  Halls  .       .   150 

Warehouses  .   150-400 

Table  VII 


Weight  of  Floor  Slabs  of  various  thicknesses  per  square  foot. 


Thickness  of  Slab 
in  inches. 

Weight  of  Floor  Slab 
per  square  foot  in  lb. 

Thickness  of  Slab 
in  inches. 

Weight  of  Floor  Slab 
per  square  foot  in  lb. 

2  inches 

25  Ib./ft- 

5-2  inches 

69  Ib./ft- 

21  „ 

31  „ 

6 

75 

3 

38 

61  „ 

81  „ 

3^ 

44 

7 

87  „ 

4 

50 

71  „ 

94  „ 

41  „ 

56 

8 

100 

5  „ 
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TRADE 


STANLEY 


MARK. 


The  largest 
Manufacturers  of 
SURVEYING 
and  DRAWING 
INSTRUMENTS 
in  the  World. 


STANLEY'S  NEW  MODEL  TRANSIT 
THEODOLITE. 


DRAWING  OFFICE 
STATIONERY  of  all 
kinds  supplied  on  the 
most  favourable  terms. 
A  very  large  stock  kept. 


STANLEY'S  DRAWING  INSTRUMENTS 
are  acknowledged  to  be  the  best. 

Prices  of  complete  cases  from  10s.  to  £30. 


Please  ask  for  our 
'K  53'  CATALOGUE 
and  compare  our  prices 
vy^ith  those  of  other  first- 
class  makers. 


STANLEY'S  NEW   ENGINEER'S  LEVEL. 
The  strongest  and  most  compact  Level  yet  made.    With  ordinary 
care  will  keep  in  adjustment  a  lifetime. 


STANLEY'S  DRAWING  INKS. 

Black  and  all  colours.  The  result  of  over 
30  years  experience.    9d.  per  2  oz.  bottle. 


STANLEY'S   NEW    DRAWING  TABLE. 
Can  be  fixed  at  any  height  and  any  angle. 


STANLEY    BOUCHER  CALCULATOR. 

With  third  index  hand  indicating  total 
movement. 


W.   F.   STANLEY  &  CO.,  LTD., 

GREAT    TURNSTILE.    HOLBORN,    LONDON,  W.C 

Head  Office  and  Showrooms:  286    HIGH    HOLBORN,  W.C. 
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ADVERTISEMENTS. 


EXPANDED  METAL 

SPECIALITIES 

EXPANDED    STEEL   SHEET   AND    BAR  REINFORCEMENTS 

FOR   CONCRETE  WORK 

EXPANDED    METAL     LATHINGS     FOR    PLASTER  WORK 

"  EXMET  "   REINFORCEMENTS    FOR  BRICKWORK 


BRITISH    MUSEUM    EXTENSIONS:  LONDON. 

Expanded   Metal  used  throughout  for   Flooring,  roofing.  Steel-work 
Encasing.   Suspended  Ceilings,  etc. 

ARCHITECT:  MR.  JOHN  JAMES  BURNET.  A.R.S.A..  F.R.I.B.A..  GLASGOW. 
CONTRACTORS:     MESSRS.     W.     E.     BLAKE,     LTD..     LONDON     AND  PLYMOUTH. 


SEND    FOR    HANDBOOK   AND    PRICE    LIST  TO 

THE  EXPANDED  METAL  CO.,  Ltd. 

Patentees  and  Manufacturers  of  Expanded  Metal 

Head  Office— 

YORK   MANSION,   YORK  STREET, 
WESTMINSTER,  LONDON,  S.W. 

Telephones:   819  GERRARD.  1514  VICTORIA.  Telegrams:   "DISTEND.  VIC."  LONDON. 

Works — - 

STRANTON   WORKS,   WEST  HARTLEPOOL. 

Telephone:  WEST  HARTLEPOOL  94  (2  lines).    .  Telegrams:  "EXPANSION."  WEST  HARTLEPOOL 


